Abstract. Immune and inflammatory response activation is a common feature of connective tissue diseases and systemic vasculitis.
Introduction
Connective tissue diseases and systemic vasculitis are chronic multisystem disorders characterised by a wide spectrum of clinical presentations. Patients' clinical features can vary with regard to disease manifestations, age at onset, prognosis, and therapeutic response, likely depending upon interactions between susceptibility genes and various environmental factors. Changes in the delicate interplay between pro-inflammatory and anti-inflammatory cytokines (i.e., TNFα, IL-10, IL1-RA, uteroglobin (UG)) and sclerogenic factors (i.e., TGFß), coupled with activation of cell-mediated immune response seem to be characteristics that are shared by all connective tissue diseases. Genetic factors strongly affect the susceptibility, severity and therapeutic response in several autoimmune and inflammatory diseases. It has been shown that TNFα, TGFß, IL-10, IL1RN and uteroglobulin gene polymorphisms are associated with systemic lupus erythematosus (UG c.38G > A, TNFα c.-308A > G) [1, 2] , rheumatoid arthritis (TGFß) [3] , and juvenile idiopathic arthritis (TNFα c.-308A > G) [4] .
TNFα is a potent proinflammatory cytokine involved in the pathogenesis of Rheumatoid Arthritis (RA) [5] and systemic lupus erythematosus (SLE) [6] . The minor allele at -308 base pairs from the transcription initiation site in the promoter of TNFα (TNFα -308A) has been associated with the production of TNFα and with susceptibility to SLE and juvenile idiopathic arthritis [2, 4] .
Uteroglobin or Clara cell 10 kDa protein (CC10), the founding member of the Secretoglobin superfamily (Scgb), is a multi-functional protein with potent anti-inflammatory and anti-chemotactic properties [7] . The minor allele (UG 38A) is significantly increased in SLE [1] and in asthma [8] .
Interleukin-10 is a pleiotropic cytokine that possesses both immunosuppressive and immunostimulatory properties. Several studies have shown increased IL-10 production in SLE patients that correlates with disease activity. Increased IL-10 production may have a genetic basis, and polymorphism in the IL-10 promoter has been associated with SLE susceptibility [9] .
Transforming growth factor β1 (TGFβ1) is a key mediator of tissue fibrosis, and it regulates cell growth, apoptosis, and extracellular matrix synthesis as well. The TGF-β1 + 869T/C polymorphism, located in the region encoding the signal peptide, results in a leucine to proline substitution at amino acid position 10. The C allele of this polymorphism shows a 2 to 8-fold greater secretion of TGF-β1 than the T allele in HeLa cells [10] , and moreover, the C allele is associated with high serum concentrations of TGF-β1 [11] . This difference in serum concentration is more apparent in the CC homozygote than in the CT and TT homozygotes. Associations have been reported between the TGF-β1 + 869T/C polymorphism and susceptibility to rheumatoid arthritis [3] . Interleukin (IL)-1 is a major pro-inflammatory cytokine which elicits a wide array of biologic activities that initiate and promote the host response to injury by activating a set of transcription factors, including NFκB, which induce production of effectors of the inflammatory response. The IL-1 receptor antagonist (IL-1Ra) inhibits the activities of interleukin 1 alpha (IL1α) and interleukin 1 beta (IL1β), and modulates a variety of IL-1 related immune and inflammatory responses [12] . Five allelic polymorphisms (A1-A5) of an 86 base pair variable number tandem repeat (VNTR) in intron 2 have been described in the gene encoding IL-1Ra, known as IL-1RN [13] . Allele 2, which contains two copies of the VNTR, has been reported as being a risk and severity factor in SLE, ulcerative colitis, and Graves' disease [14] [15] [16] .
Nuclear factor-B (NF-B)/Rel is a family of pleiotropic transcription factors that are activated by several stimuli such as cytokines, UV radiation, oxidative stress, and bacterial or viral products. This family plays an important role in the regulation of the immune system in inflammatory response. Changes in NF-κB activation can lead to the constitutive overproduction of pro-inflammatory cytokines, which is associated with a number of chronic inflammatory disorders including rheumatoid arthritis [17] . The NF-κB2 gene is a member of the (NF-κB)/Rel family that encodes for the p100/p52 protein which is involved in the "nonclassical" NF-B pathway [17] .
The aim of our study was to evaluate the possible involvement of TNFα, TGFß, IL-10, IL1RN, uteroglobin (SCGB1A1, UG), and NF-kB2 gene polymorphisms in susceptibility to connective tissue diseases.
Study population
The study was performed on 68 unrelated patients of Italian Caucasian Ethnicity (38 females and 30 males; age range from 25 to 83 years) affected by rheumatoid arthritis (RA) (37 patients), ANCA-positive (systemic micropolyangiitis (PA) 17 patients) or ANCA-negative systemic vasculitis, including 8 patients with HenochSchönlein purpura (HSP) and 6 patients with mixed cryoglobulinaemia (MC). RA patients fulfilled the classification criteria of the American College of Rheumatology. Diagnosis of ANCA-associated micropoliangiitis was verified according to a recently proposed classification algoritm [18] . HSP was diagnosed according to Michel's criteria [19] . Diagnosis of MC followed criteria described elsewhere [20] . All vasculitis patients had biopsy-proven glomerulonephritis, with classical IgA dominant or codominant deposits in mesangium, diffuse mesangial hyperplasia and occasional fibrinoid necrosis in HSP cases, diffuse membrano-proliferative with pseudothrombi occluding capillary lumen in MC patients and pauciimmune focal necrotizing crescentic glomerulonephritis in MPA patients.
Polymorphism analysis was also performed on 98 control subjects (43 females and 55 males), recruited among the healthy blood donor population. Patients and controls provided informed consent to the study. The studies have been performed according to the Declaration of Helsinki, the procedures have been approved by the institutional review board (IRB). 
IL1RN 86 bp VNTR alleles PCR PRODUCT SIZE (bp) A1 = 86bp VNTR 2 copies 240 A2 = 86bp VNTR 3 copies 326 A3 = 86bp VNTR 4 copies 412 A4 = 86bp VNTR 5 copies 498
Laboratory analyses
Genomic DNA was purified from 300 µl of whole blood using the Wizard Genomic DNA Purification Kit (Promega, Madison, Wisconsin) according to the manufacturer's instructions.
TNFα -308A > G, IL-10 c.-1082A > G, uteroglobin c.38A > G, TGFβ1 c.869C > T and NF-κB2 c.-1837T > C polymorphisms were genotyped by Restriction Fragment Length Polymorphism analysis (PCR-RFLP). DNA samples were amplified by polymerase chain reaction (PCR) followed by enzymatic digestion. The PCR reactions were performed in total volume of 25 µl containing 10 ng of genomic DNA, 1X PCR buffer, 0.625 units of Taq DNA polymerase (Applied Biosystems, Monza, Italy), 1.5mM MgCl 2 , 0.25mM dNTPs, and 6 pmol of each primer. Thermal cycling conditions were as follows: denaturation step at 95
• C for 3 min, 35 cycles at 94
• C for 30 sec, 30 sec at 57
• C for TNFα, IL1RN, IL-10 and Uteroglobin, at 59
• C for TGFβ1 and NF-κB2, and a final extension step at 72
• C for 5 min. The primers we used are listed in Table 1 .
The -308A > G polymorphism, which is located in the promoter region of the TNFα gene, was identified by digestion of the 107bp PCR product by the NcoI enzyme: the G allele was cut into 82bp and 25 bp fragments, the A allele was not digested. Digestion products were electrophoresed on an 8% polyacrylamide gel and visualised with ethidium bromide staining. IL-10 -1082A > G, a transition at position -1082 in the promoter region, was identified by EamI digeston of the 282 bp PCR product, the A allele was cut into 273 bp and 19 bp fragments, the G allele was not digested.
Uteroglobin A→G transition, at position 38 in exon 1 was analysed by Sau96I digestion of the 258 bp PCR product, the G allele was cut into 130 bp and 128 bp fragments, the A allele was not digested.
The Leu
10 →Pro polymorphism, a transition T→C at nucleotide 29 in exon 1 of the TGFβ1 gene was analysed by digesting the 110 bp PCR product with PstI, the T allele was cut into 86 bp and 24 bp fragments, the C allele was not digested.
The T→C transition in the NF-κB2 gene was analysed by MaeII digestion of the 149 bp PCR product, the T allele was cut into 127 bp and 22 bp fragments, the C allele was not digested. These products were electrophoresed on 2.5% or 3% agarose gel and visualised with ethidium bromide staining.
In order to analyse the IL-1RN gene 86 bp repeated sequence (VNTR), located in intron 2, DNA was amplified by PCR (Table 1 ) and PCR product size was analysed by electrophoresis on a 4% NuSieve-agarose (3:1) gel.
Statistical analysis
Allele and genotype frequencies were calculated by the gene counting method, and the Hardy-Weinberg equilibrium was tested. Differences in allele and genotype frequencies in patients and controls were calculated by the Chi-square test and Fisher's exact test. We calculated genotype odds ratios (OR) with confidence intervals (CI) of 95% for each individual polymorphism.
Statistical analysis was performed with SNPAlyze v7.0 (Dynacom Co, Ltd, Japan). P-values < 0.05 were considered statistically significant.
Results
Sixty-eight patients with connective tissue diseases and 98 controls were genotyped for TNFα -308A > G, IL-10 -1082A > G, uteroglobin 38A > G, TGFβ1 c.869C > T, NF-κB2 1837T > C and IL-1RN 86bp VNTR. Table 3 shows genotype and allele distribution for the polymorphisms that were studied. The genotype and the allele frequencies we observed were not significantly different from what was expected according to the Hardy-Weinberg Equilibrium in the control group.
Allele frequency analysis of uteroglobin 38G > A polymorphism showed a significant increase in the 38A allele in patients as compared to controls (p = 0.02). TNFα IL-10, TGFβ, NF-κB2 IL-1RN allele frequency distribution was not significantly different in patients compared to controls.
Genotype frequency analysis of the uteroglobin gene showed an increase in GA and AA genotypes in patients as compared to controls (p = 0.04). With regards to the NF-κB2 gene, we observed a statistically significant decrease in heterozygous individuals (TC) and an increase in homozygous ones (p = 0.02). No significant differences were found with regards to TNFα IL-10, TGFβ, and IL-1RN genotype frequency distribution between patients and controls ( Table 2) .
Odds ratio calculation showed that individuals bearing AA and GA genotypes in the uteroglobin gene have a greater risk of developing a connective tissue disease (OR = 2.64, 95%CI = 1.07-6.54 AA vs GG, and OR = 2.08 95%CI = 1.03-4.23 GA vs GG, respectively), compared to homozygous GG with an overall Odds Ratio of 2.23 (95%CI = 1.16-4.31) calculated on GG vs GA + AA. On the contrary, NF-κB2 CT and CC genotypes seem to play a protective role (TT vs CT + CC OR = 0.72 95%CI = 0.31-1.64) and individuals with UG c.38GG and NF-κB2 c.1837CC or TC genotype had a significantly lower risk of developing a connective tissue disease (OR = 0.33, 95%CI = 0.08-1.23).
We performed separate statistical analyses for the RA group and for the group of vasculitis affected patients (PA). Polymorphism analysis in RA patients (37) showed a significant increase in the uteroglobin 38A allele (p = 0.02), and in the uteroglobin 38GA and 38AA genotypes in patients as compared to controls (p = 0.02). The risk of RA was more than two times higher in patients bearing the uteroglobin 38A allele in either the homozygous (AA) or in the heterozygous state (GA) (OR = 2.64 95%CI = 1.1-6.2).
Polymorphism analysis in vasculitis patients showed an increase in the uteroglobin 38A allele (p = 0.06 OR = 1.8 95%CI 0.96-3.24). TNFα IL-10,TGFβ, NF-κB2 and IL-1RN allele and genotype frequency distribution was not significantly different in patients as compared to controls (Table 4) . 
Discussion
Activation of immune and inflammatory response is a common feature of rheumatoid arthritis and systemic vasculitis. It has been shown that cytokine polymorphisms may affect gene transcription, thus causing individual variations in cytokine production that could lead to predisposition to autoimmune and inflammatory disorders [1, 2, 9, 14] . We studied the possible association between gene polymorphisms of the key factors of inflammation and fibrosis (TNF-α, TGFß, IL-10, IL1-RN, uteroglobin and NF-κB2) and susceptibility towards developing connective tissue diseases. We showed that uteroglobin c.38G > A and NF-κB2 c.1837T > C and polymorphisms were associated to both vasculitis and connective tissue diseases.
Uteroglobin is a multifunctional protein with anti inflammatory/immunomodulatory properties that interferes with IFNγ and TNFα-mediated actions and diminishes their biological activity [21, 22] . The c.38G > A polymorphism in the uteroglobin gene, which is located downstream from the transcription initiation site, within the noncoding region of exon 1, is correlated with an increased risk of developing immune-mediated diseases such as Systemic Lupus Erythematosus [1] , asthma [8] and rheumatoid arthritis [23] . The c.38G > A polymorphism is located within a region corresponding to the rat minimal promoter which was shown to play a key role in transcriptional regulation. Evidence suggests that change in the UG exon 1 noncoding region might affect the physiologic counteracting mechanisms of inflammation and UG protein expression. In fact, a significant reduction in plasma UG levels has been observed in 38AA individuals [8] .
Separate analysis of the distribution of polymorphisms was performed for RA and systemic vasculitis patients. Results showed an increase in UG 38A allele frequency in both groups. Previous studies on the possible role of the A38G polymorphism in immune-mediated diseases have yielded conflicting results [23, 24] , likely due to differences in the genetic background of patient samples study design. The uteroglobin gene is located in a 170kb region on chromosome 11p12.3 where other members of the secretoglobin gene family have been mapped. The close proximity of 5 secretoglobin gene family members suggests that uteroglobin 38A or G allele could be in linkage with polymorphisms located in one secretoglobin family member, thus explaining some of the discrepancies in results. Besides, selection of population may be important. For instance, prevalence of the 38G allele is only slightly increased in HSP children without nephritis [24] , while clearly significant in patient progressing towards renal failure [1] . With regard to the relevance of our findings in RA patients, it should be mentioned that clinical disease activity in patients with early RA can be frequently controlled by conventional therapy and especially by the new antirheumatic agents. Even with the use of DMARDS and advanced therapeutics in RA, erosion may occur. Polymorphism in the UG gene has been regarded as a promising novel marker of radiographic progression [23] . A prospective study relating progressive erosive disease and UG gene polymorphism is currently ongoing in our department.
The NF-κB family of transcription factors (composed of NF-κB1 (p105/p50), NF-κB2 (p100/p52), cRel, RelA, and RelB) regulates the expression of a wide range of immune response genes whose products play a critical role in orchestrating inflammatory responses. Inappropriate activation of NF-κ-B has been linked to inflammatory events associated with autoimmune arthritis [25] . The NF-κB2 gene encodes for the p100 protein precursor that is cleaved in the active p52 in response to several stimuli such as lymphotoxin β, CD40L and the B-cell activating factor that is involved in autoimmune diseases [26] .
NF-κB2 is highly regulated both at transcriptional and post-transcriptional level. At present, no data are available on the association between the NF-κB2 polymorphism and immuno-mediated diseases but the NF-κB pathway is currently thought to be the major intracellular pathway in RA pathogenesis. The NF-κB2 c.1837T > C variant is located in the promoter region close to κB sites, being putatively involved in promoter regulation [26] . Our data showed that uteroglobin A allele in either the homozygous or in the heterozygous state seems increased in connective tissue disease (OR = 2.23, 95%CI = 1.16-4.3, p = 0.02). Some effect of the variation in the NF-κB2 gene in connective tissue disease susceptibility have been observed as well.
The possible role of uteroglobin and NF-κB2 the pathogenesis of RA and systemic vasculitis requires further clarification, and a greater number of studies involving larger cohorts of patients are needed. Albeit our data are limited both in size samples and ethnicity, a "general" genetic predisposition towards developing tissue disease regardless of the pathogenetic mechanisms involved in the various disorders could be envisaged. This could be due to changes in the mediators involved in the cellular activation pathways that are shared by all immuno-mediated disorders.
